Five new species of diminutive salamanders of the endemic Mexican genus Thorius (Plethodontidae) are described from the Sierra de Juarez in northern Oaxaca. The species are diagnosed by adult body size, external proportions, dentition, osteology and coloration. The three species that have been studied using protein electrophoresis are genetically unique; all differ from T. macdougalli, the only species of the genus previously known from these mountains. Each of the six species studied has distinct geographic and elevational ranges, and there is a complex pattern of geographic overlap and replacement. As many as three species co-occur locally at elevations up to 2955 m on Cerro Pelon, and each species is sympatric with at least one other. One species descends to approximately 800 m, which is the lowest known elevational record for the genus. The new taxa include the full size range of the genus, with two large and three small species.
Osteology.-This description is based on data from 21 partial to complete skeletons. The skull of a single specimen is illustrated in Figures 2C,  3C , a maxillary bone of that specimen in Figure  4A , and its fore-and hind limb skeletons in Figure 5B , 5G.
The skeleton is well ossified; individual bones are generally larger than in other species of the genus. The skull has a relatively broad premaxillary bone that overlaps and usually articulates with the maxillary bones (character 2, states c and d). The ascending processes of the premaxillary are fused for about one-half their length, but they enclose a small fontanelle immediately above the pars dentalis and below the area of fusion (character 1, intermediate between states b and c). Nasals are relatively well developed and are expanded over the cartilaginous nasal capsules (character 3, state c); they also contact the ascending process of the maxillary bones (character 4, state b). The relatively small prefrontals do not contact the maxillaries (character 6, state a), from which they are separated by the foramen of the nasolacrimal duct, The dorsal fontanelle is relatively small for Thorius, but large in relation to that in other tropical salamander genera. The fontanelle is very narrow and ill-defined between the frontals but is wider and more evident between the parietals, where its breadth is from 0.13-0.44, mean 0.32, times the maximum skull width across the parietals. There are no otic crests, and there is no columellar process on the operculum. The relatively well-developed squamosal bears a cylindrical and relatively stout postsquamosal process. The vomer bears a distinct, tooth-bearing preorbital process.
Each vertebra has a well-developed, mineralized condyle on the anterior end of the centrum that fits into a mineralized cotyle in the posterior end of the more anterior vertebra. Regional organization of the vertebral column includes one cervical, 15 trunk, one sacral, two caudosacral, and a variable number of caudal vertebrae. The tibia has a well-developed spur at its proximal end that is either free distally or attached by a thin bony web to the shank of the tibia.
Mesopodial morphology is relatively generalized. Hanken (1982, T. aureus identified as "T. sp. D") reported carpal pattern I present in 76.9% of 39 carpi examined. This pattern contains six separate elements, with two derived states in relation to outgroup genera: fused intermedium plus ulnare, and fused distal carpal 4 plus centrale. It is the most generalized pattern observed in Thorius and is the likely ancestral state for the genus. Other carpal patterns, each with additional fusions, were II (fused distal carpals 1-2 and 3), 12.9%; III (distal carpals 3 and 4 plus centrale), 7.8%; and VII (fused centrale 1 plus radiale, fused distal carpals 1-2 plus centrale, and fused distal carpals 3 and 4), 2.5% and unique to T. aureus. Hanken reported tarsal pattern I (again the most generalized and presumably the ancestral state for the genus) in 82.9% of 39 tarsi examined. It contains eight elements, with one derived state in relation to outgroup genera: fused distal tarsals 4 and 5. Other patterns encountered were III (fused distal tarsals 1-2 and 3), 11.8%; and V (fused intermedium plus fibulare), 5.8%. Most specimens have the ancestral phalangeal formulae of 1-2-3-2, 1-2-3-3-2, but frequently phalanges are extremely small, and one fewer phalanx is encountered in the outermost and sometimes in more interior digits. The terminal phalanges of finger three and toe three are terminally expanded, and frequently so are those of adjacent digits.
Mineralization of the ends of long bones and mesopodial elements proceeds progressively with size and sexual maturation, as in other spe- ored species and the others are generally much darker. It is substantially larger than both T. macdougalli and T. arboreus but about the same size as T. boreas. None of the sympatric congeners has maxillary teeth. Nostrils are smaller and slightly more round than those of T. boreas. Limbs of T. aureus are shorter, relative to body size, than those of the sympatric species. The species resembles T. schmidti of Puebla and central Veracruz in coloration and size, and in having numerous maxillary teeth, but it is readily distinguished from that taxon by numerous protein differences (see below), by its larger nostril, and by having a more extensively ossified skull. In particular, the cranial fontanelle between the parietal bones is smaller in T. aureus than in T. schmidti. Limbs are relatively shorter in T. aureus (limb interval exceeds six costal grooves) than in T. schmidti (limb interval less than six grooves). The skull of T. aureus lacks septomaxillary bones, which occur variably in some species (Hanken, 1984) , but in other respects it is the most fully developed in the genus. The cranial fontanelle may be as small as 0.13 times the maximum width of the skull across the parietals (it may be as great as 0.55 times the skull There is a narrow frontal fontanelle, but the parietal fontanelle is large (equals 0.38-0.42 times the maximum skull width across the parietals in three measurable specimens). There is no otic crest and no columellar process on the operculum. The postsquamosal process is well developed and spinous. The vomer has a very short but distinct preorbital process, and teeth are borne nearly to the tip.
Vertebrae are similar to those described for T. aureus but smaller. A tibial spur is absent in one female but present as a semiattached process in the remaining individuals. The four specimens have carpal patterns I (one specimen) or II ( Fig. 5A ; Hanken, 1985, T. arboreus identified as "T. sp. E"). Tarsi have patterns VII, with six separate elements and two fusion combinations (intermedium plus fibulare, and distal tarsals 4 and 5 plus centrale), or VIII (like VII, but with fused distal tarsal 1-2 plus 3; Fig. 5F ). The ancestral phalangeal formulae (1-2-3-2, and 1-2-3-3-2) are present in some specimens, but reduced formulae (1-2-3-1 and 1-2-3-2-1) are also found. One female has 1-2-3-2 in one carpus and 1-2-2-2 in the other (1-2-3-3-2 for both tarsi).
All mesopodials are ossified in one female, which also has the epibranchials mineralized near their articulation with the ceratobranchials. Mesopodials are cartilaginous in the other individuals.
Comparisons to other taxa.-This very small species is most similar in morphology and proteins to T. macdougalli, a species that is widespread to the south but only barely occurs on the upper, north-facing slopes of the Sierra deJuarez. There is about one km in road distance between the closest known localities of the two taxa; but, in this short interval, the road drops nearly 200 m in elevation, the harsh climatic regime of the peaks ameliorates, and the vegetation becomes tall and lush, with the trees laden with bromeliads and other epiphytes. We have never taken T. macdougalli in arboreal settings, but all T. arboreus for which data exist have been taken in this microhabitat. Furthermore, T. arboreus is smaller, with smaller feet, it has a more rounded nostril, and it has a different color pattern than T. macdougalli. The longest toe of T. arboreus has an expanded "T" shape (Fig. 5F ). Thorius macdougalli is stockier in proportions and typically has a bright nuchal spot, whereas the slender T. arboreus has a colorful pattern with a dorsal band that has a distinctive dorsolateral boundary. This is the only species in this mountain range that has arboreal habits. Some species (of uncertain taxonomic status) in central Veracruz and eastern Puebla occur in arboreal microhabitats, but these species differ in coloration and proteins (Hanken, 1983).
Habitat and range.-Thorius arboreus is known only from the type locality and other nearby cloud forest localities along Hwy. 175 on the Atlantic drainage of the Sierra de Juarez (Fig.  7) . It is sympatric with T. aureus at upper elevations (e.g., 52 km N Guelatao, 2755 m), where it has been collected only one km (by road) from both T. macdougalli and T. boreas. The lowest recorded elevation is 2170 m.
Etymology.-The species name is derived from the Latin word arbor, meaning tree, in recognition of the arboreal habits of this species, which is frequently found in the leaf axils of bromeliads, both on the ground and on trees. Osteology.-This description is based on data from 22 partial to complete skeletons. This large species has a relatively well-ossified skeleton. However, the bones are slightly smaller and less robust than those of T. aureus of similar size, with the exception of the nasal, which is larger (Figs. 2C, 3C) (character 4, state b) . The prefrontals are moderately large for the genus and are crescentic in shape; they typically overlap the frontals, and narrowly articulate with the nasals (13 individuals, with asymmetrical contact in two others; character 5, state c). In most specimens, they are separated from the ascending processes of the maxillaries (character 6, state a) by the foramen of the nasolacrimal duct. However, in one individual, the prefrontal contacts the maxillary (state b) on both sides, and, in two others, there is contact on one side. The maxillaries are relatively well developed but lack teeth (character 9, state a). There are no septomaxillary bones (character 7, state a; Fig. 4B ).
There is a narrow frontal fontanelle (about the same size as in T. aureus, or slightly broader) and a relatively broad parietal fontanelle (which appears larger than in T. aureus but measures about the same, having a breadth of 0.23-0.44, mean 0.32, times the maximum skull width across the parietals). There is no otic crest, and there is no columellar process on the operculum. The postsquamosal process is well developed. The vomers have a short, toothed preorbital process.
Vertebrae resemble those of T. aureus in morphology and number. A tibial spur is present in most specimens; it is attached by a bony web to the tibia in 10 specimens, free distally in eight specimens, and reduced to a crest in three others. Ends of long bones and condyles on the anterior end of vertebral centra are ossified in adults. Mesopodial morphology is relatively generalized (Fig. 5C, H) . Hanken (1982; T. boreas identified as "T. sp. C") reported carpal pattern I (see above description of T. aureus) in 87.5% of 40 carpi examined; remaining specimens had patterns II (10%) and III (2.5%). Tarsal pattern I was found in all but one of 40 tarsi examined (97.1%); one tarsus had pattern III (2.8%).
All mesopodials are ossified in three adults, but some elements are ossified in four other specimens. The basibranchial is mineralized in two specimens that have fully ossified mesopodials, but otherwise there are no hyobranchial mineralizations.
Comparisons to other taxa.-This is a large, stout species of Thorius that is readily distinguished from its equally large, sympatric associate, T. aureus, by its darker coloration, absence of maxillary teeth, and elongate nostril. It is less readily distinguished morphologically from T. narisovalis, a large, dark species from the region of Cerro San Felipe, in the mountain range immediately to the south of the Sierra de Juarez. In general, T. boreas is larger and has a larger and more elongate nostril than T. narisovalis. Thorius pulmonaris is another species from the Cerro San Felipe region, which generally occurs at lower elevations than T. boreas, but it is smaller and has a somewhat larger nostril. Both species from Cerro San Felipe differ in many protein variants from T. boreas (Hanken, 1983).
Habitat and range.-Thorius boreas is known only from the type locality and other localities along Hwy. 175 both north and south of the crest of Cerro Pelon in the Sierra de Juarez (Figs. 6B,  7) . It has been taken in sympatry with T. macdougalli at several localities in and near Llano de las Flores (Fig. 6B) and with both T. macdougalli and T. aureus in a deep ravine that crosses Hwy. 175 one km north of the crest of Cerro Pelon (Fig. 6A) . It is a terrestrial species that occupies primarily pine-oak-fir forest. Recorded elevations are between 2850 and 2950 m. 1.3 (Fig. 8A) . Nasolabial grooves extend through a cutaneous enlargement that has only a slight ventral lobe. The eyes are of moderate size and, when viewed from above, protrude only slightly beyond the margin of the jaw. A suborbital groove curves beneath the eyes and intersects the lip below the posterior margin of the orbit. Each specimen has three premaxillary teeth. Maxillary teeth range from 16 to 21, and there are 6 to 9 vomerine teeth. Limbs are relatively long; limb interval ranges from 3.5 to 4. The hands and feet are very small (Fig. 8B, C) . The tips of the longest digits are pointed, and the outermost digits are barely differentiated and have no free tips. Fingers, in order of decreasing length, are 3-2-1-4; toes are 3-2-4-1-5. The postiliac gland is pale and obscure. The relatively long tail, which exceeds standard length in one specimen, is very slender and tapers progressively along its entire length to a sharply pointed tip. This is a generally dark salamander with an obscure, light dorsal stripe that extends from the level of the eyes onto the tail. The ground color is a rich dark brown. The light stripe is The narrow head has a swollen, rounded snout and is only slightly broader than the anterior trunk. Standard length is about seven times head width. The nostrils are very large and oval; the major axis is 1.5 times the minor axis (Fig. 8D) . The nasolabial region is swollen and contains a well-defined nasolabial groove extending through a broad lobe on the upper lip. The moderately large eyes protrude slightly beyond the margin of the jaw when viewed from below. The suborbital groove curves beneath the eyes and intersects the lip below the posterior margin of the orbit. There are seven vomerine teeth and no premaxillary or maxillary teeth. Limbs are relatively long; limb interval equals 3.5. The hands and feet are narrow but well developed; the longest digits (fingers 2 and 3 and toes 2, 3, and 4) have rounded tips that are distinct and free from the otherwise syndactylous nature of the hands and feet (Fig. 8E, F) . Fingers, in order of decreasing length, are 3-2-4-1; toes are 3-2-4-1-5. The postiliac gland is pale and clearly evident. The tail is broken from the body (postpreservational) and apparently was damaged during capture (broken at the midway point).
The tail is relatively stout and long, tapering along its entire length. A mental gland is illdefined. Habitat and range.-Thorius insperatus is known from the unique holotype, which was collected from beneath a log in the lower cloud forest near the hamlet of Vista Hermosa.
Measurements of the holotype (in millimeters
Etymology.-The species name is derived from the Latin word insperatus, meaning unexpected, or not even hoped for, in recognition of the authors' surprise at the discovery, made only as the present paper was being prepared, that not one but two species of Thorius coexist at lower elevations of the north side of the Cerro Pelon transect.
REDESCRIPTION
The original description of T. macdougalli (Taylor, 1949) was thorough, but the taxon was compared only to T. pulmonaris. Accordingly, we present a brief redescription, emphasizing the traits that have proven useful in discriminating taxa in the Sierra de Juarez. (Table 1) . These genetic differences, combined with the numerous instances of sympatry which involve as many as three species with no indication of interbreeding (Table 5 in Hanken, 1983), and with the morphological differences discussed earlier, affirm the distinctiveness of each species. Some pairwise genetic distances within T. macdougalli and T. arboreus exceed some pairwise distances between populations of the two species. We regard this as an artifact of the extensive clinal variation within each species, which are otherwise clearly distinct. In phenograms of 69 populations of Thorius from throughout the range of the genus in southern Mexico, the two large (T. aureus, T. boreas) and two of the small (T. macdougalli, T. arboreus) species from the Sierra deJuarez cluster together ( fig. 2 in Hanken, 1983 ). These species are more similar to one another than to other taxa. These two species pairs, however, cluster with each other only after linking with several other species from outside the Sierra de For about two linear kilometers along the north slope, down to an elevation of 2475 m, the ranges of the large, colorful, terrestrial T. aureus and the small, dark, mainly arboreal T. arboreus overlap. At this point, the former species drops out, and the latter is found exclusively for another 11 km, where it has been found at an elevation of 2170 m. Despite extensive searches, no populations of Thorius have been found between here and Vista Hermosa (approximately 1500 m elev.), where T. smithi and T. insperatus, two small, terrestrial species, occur together. Thorius insperatus is known only from a single site, but T. smithi also has been taken below Vista Hermosa near Metates, approximately 800 m elev. This is the lowest known elevation for any species of Thorius.
Thorius macdougalli
The highest elevations of the Sierra deJuarez (above 2850 m) are populated by three species of Thorius and from one to three species of Pseudoeurycea (all may be undescribed, although one has been assigned to P. smithi; Wake et al., 1992). An additional species, P. bellii, occurs to the south of Cerro Pelon at relatively high elevations. From the top of Cerro Pelon northward to the lowlands in the vicinity of Tuxtepec, as many as 15 species are known. These include the three species of Thorius mentioned above and an apparently undescribed species of Pseudoeurycea that resembles P. smithi (of Cerro San Felipe) in some aspects of its morphology but is larger and more muscular in appearance; all occur in the vicinity of the summit along the main highway. As one proceeds downslope to the north, P. juarezi (which overlaps in elevation with the other Pseudoeurycea) is encountered first then T. arboreus. Pseudoeurycea juarezi is not found below 2000 m elev., and, at the lower extreme of the distribution of T. arboreus, one encounters a new mix of species in a cloud forest habitat rich in bromeliads. A single specimen included in the analysis of genetic variation in Thorius (Hanken, 1983, population 45) was remarkably distinct from all other samples and subsequently proved to be assignable to Nototriton adelos (Papenfuss and Wake, 1987). This genus was not known to occur in Mexico at the time of Hanken's study. Nototriton adelos is microsympatric with T. arboreus and an undescribed species of Chiropterotriton (Darda, 1994), all of which are found in bromeliads. A fourth species, the largest of this community, is Pseudoeurycea saltator; it is found in bromeliads but also under the bark of logs. All four of these species display at least semiarboreal tendencies. In the immediate vicinity of Vista Hermosa, at 1500 m elev., the forest has been badly disrupted by human disturbance, but we believe that the four species mentioned above are replaced by four others: T. insperatus, T. smithi, a species tentatively identified as Pseudoeurycea werleri (otherwise known only from high elevations in the Los Tuxtlas area of coastal Veracruz), and a small species with fully webbed hands and feet that appears to be an unde-scribed species of Bolitoglossa (related to the B. rufescens-occidentalis complex which is mainly found at elevations below 1000 m elsewhere). Although T. smithi has been traced down to about 800 m, the other species are known only from the vicinity of Vista Hermosa, and all are known from small samples. In the lowlands near Tuxtepec, both B. rufescens and B. platydactyla are known.
The 15 species found on this relatively local transect is about the same number that one finds on transects of similar length in east-central Veracruz, extreme western Guatemala-eastern Chiapas, Caribbean Guatemala, and the Tapanti-Cerro de la Muerte region of Costa Rica (Wake, 1987; Wake et al., 1992), although the latter has more species if one extends the transect into the lowlands, a relatively large geographic distance from the upper part of the transect. On all of these transects, salamanders are relatively easy to find (or were in the recent past) at elevations above 2000 m but become progressively more difficult to find at lower elevations, especially near the transition between the lower cloud forest and the adjacent evergreen lowland forest. Our samples of the low elevation Thorius are rather typical in size of samples of other salamanders that occur between 1500 and 800 m, which is the least known and understood elevational zone as far as tropical salamanders are concerned.
